The objective of this study is to test the relationship between short-term nominal interest rate and inflation in the context of the Indian financial market. To achieve this objective we perform Augmented Dickey-Fuller unit root test to check for stationarity and thereafter we test for co-integration using the Engle-Granger method and further corroborate the findings of this test with the Johansen-Juselius method. Lastly, we perform the Granger causality test. Monthly data of inflation and nominal short term interest rates for the period from April 1996 to August 2004 were used. We find that expected inflation and nominal short-term interest rates are co-integrated in the Indian context. Thus, the present study doesn't reject the Fisher effect in the Indian financial market. This test shows that expected inflation is Granger caused by nominal short term interest rates. These findings are important in the context of financial market policies in emerging economies like India.
Introduction
The objective of this study is to test the relationship between nominal short-term interest rate (NSTIR) and inflation in the context of the Indian financial market. To achieve this objective we perform Augmented Dickey-Fuller (ADF) and the Phillips-Perron (PP) test on these two time series to diagnose their stationarity. Where a unit root is found the series is first differenced. Thereafter we test for co-integration using the Engle-Granger method and further corroborate the findings of this test with the Johansen-Juselius method. We find that inflation and nominal short-term interest rates are co-integrated in the Indian context. Thus, the present study doesn't reject the Fisher effect in the Indian financial market. Lastly, we perform the Granger causality test. This test shows that inflation is Granger caused by NSTIR.
The motivation for the study comes from two perspectives. Firstly, India is an emerging economy and findings of the study would help policy makers to take suitable policy initiatives in that economy. U Secondly, all empirical studies concerning the Fisher hypothesis have primarily focused on US and European economies. No published study to our knowledge exists that has examined the relationship in the context of an emerging economy like India. The paper is organized as follows: the next section is a snapshot of the Indian economy, section 3 reviews literature on the Fisher hypothesis, section 4 is about data and methods, section 5 presents the findings of the study and section 6 concludes.
A snapshot of the Indian economy
The Indian economy achieved a growth rate of 8.2 per cent in the financial year 2004 and is considered to be the fastest growing free-market democracy in the world. It is one of the world's largest food producers, which produces 600 million tonnes of food grains every year holding a buffer stock of nearly 50 million tonnes of food grains (wheat and rice) in [2003] [2004] . It is also the second largest exporter of rice and the fifth largest exporter of wheat in the world; its agricultural exports account for nearly 14.2 percent of its total exports. The Indian services sector is growing consistently at a rate of 7 percent per annum and accounted for almost half of the country's GDP in the 2004 financial year. India's foreign exchange reserves stood at a record high of $120.78 billion in July 2004.
The financial markets and financial institutions in India are quite well developed. The financial institutions in India comprise deposit taking institutions like commercial banks and cooperative banks, long-term financial institutions like the Industrial Development Bank of India (IDBI), savings institutions like the Unit Trust of India (UTI), life and general insurance companies, superannuation funds and non-bank financing companies. Commercial banks dominate the financial sector in India. The assets of Indian commercial banks formed 64% of the total assets of the financial institutions in India. As at the end of June 2003, there were 295 commercial banks comprising 27 public sector banks, 32 private sector banks, 40 foreign banks and 196 regional rural banks. The cooperative banking sector consisted of 52 urban cooperative banks and 16 state cooperative banks (RBI-RTPB, 2003) . The following financial indicators of Indian commercial banks may be of interest.
Even prior to India's political independence in August 1947, she had a well-developed stock market. India's major financial markets could be grouped under five broad categories: the money market, foreign exchange market, debt market (government securities market), equity market and the derivatives market.
Literature on the Fisher effect
The Fisher's hypothesis is regarded as one of the most important hypotheses in macroeconomics. Fisher (1930) postulated that the nominal interest rate consists of an expected 'real' rate plus an expected inflation rate. He claimed a one-to-one relationship between inflation and interest rates. Real interest rates he claimed were unrelated to the expected rate of inflation and were determined entirely by the real factors in an economy, such as the productivity of capital and investor time preference.
It has implications in the context of real purchasing power of money, asset valuation and capital market efficiency, and is important Many studies in the United States and Europe have tested the Fisher hypothesis over the years. These studies have yielded mixed results. The studies of Fama (1975) , Atkins (1989) , Mishkin (1992) and Crowder and Hoffman (1996) found support for the Fisher hypothesis but studies such as those by Mishkin (1981 Mishkin ( , 1984 , Barthold and Dougan (1996) and Rose (1988) have shown contradictory results. Some other studies like those of MacDonald and Murphy (1989), Wallace and Warner (1993) and Engsted (1996) found that findings varied with time periods and across countries. As already noted these studies were in the context of US and Europe. Almost all the studies have examined the relationship between NSTIR and inflation and no strong evidence of the existence of the Fisher effect was noticed in these studies. In the context of emerging economies like India, Thomas Paul (1984) examined the Fisher effect. It has been more than two decades now and important changes have taken place in the Indian economy. When the Thomas Paul study was conducted, the economy was very much repressed. However, since 1991, the government has followed a policy of market liberalisation. The economic situation in India has changed dramatically. Many regulations have been removed and the economy is on a high growth rate path. Consequently, there is a need to examine the Fisher effect in changed economic conditions. However, we have not come across any study that has done this in recent years, that is, after the Thomas Paul Study. This study thus bridges a major gap in the literature by examining the Fisher hypothesis in an emerging economy and could help guide further research in this area.
Data and methods
The data required for the study was collected from the Handbook on Indian Statistics published by the Reserve Bank of India which is available at their website. Monthly consumer price index values and monthly yield rates on Treasury bills of 90 days were used. The period covered was from April 1996 to August 2004 (101 months) as the data of these years is available at the Reserve Bank of India website. Monthly inflation rates were calculated as the first difference of the natural logarithm of the consumer price index. Almost all the previous studies on the Fisher hypothesis have examined the relationship between NSTIR and inflation. The question that this study addresses is similar to that of Engsted (1996) : whether or not nominal short-term interest rates reflect expected inflation. The procedure that we follow to investigate this phenomenon follows. Firstly, we examine whether the two series under investigation are stationary. We do this by applying the ADF unit root test. Secondly, we examine if the first difference of these series is stationary and in that case perform the Engle-Granger test of co-integration. Thereafter we investigate the relationship between NSTIR and inflation by ordinary least squares regression. Such regressions include 'the possibility of obtaining spurious or dubious results in the sense that superficially the results look good but on further probing they look suspect' (Gujarati, 1995, p. 724) . This situation has also been described by Granger and Newbold (1974) and by Phillips (1986) . Thirdly, we perform the Johansen-Juselius (1990) procedure to further confirm results of the above Engle-Granger test of co-integration. Finally, we run the Engle-Granger Causality test together with the Error Correction Model to examine whether the two series display any causal relationship. The present study is different from the Engsted (1996) study as it uses monthly data and represents a longer time series than does Engsted's study, which used quarterly data. Table 2 reports the results of the ADF unit root test. The results reveal that the null hypothesis of unit root can't be rejected at the levels for inflation rate series and short-term interest rate series. However, the results of ADF for both the series at first difference show that the series are now stationary. Thus NSTIR and inflation rate are both I (1) processes.
Empirical Results

Unit root test
Co-integration Tests: The Engle-Granger Method
Given that both the processes are of the same order of integration, one can now proceed to test for co-integration. We estimate the long-term relationship in linear form by the ordinary least squares method and present the results in Table 3 below.
The model is not a good fit when the inflation series is regressed on NSTIR in level. The values of R 2 and adjusted R 2 are insignificant. The coefficients are not significant either. We conclude that the standard regression interpretation of the coefficients is not valid. This leads us to the Engle-Granger test of the residuals from this regression. The ADF and the PP unit root test were applied to the residuals. The results from these tests are presented in Table 4 below and suggest that the residuals are strongly stationary and the series are co-integrated.
Co-integration Tests: The Johansen-Juselius Method
For bi-variate time series, the Engle-Granger co-integration method described above should be adequate. However, to further corroborate the above results we apply a more general technique developed by Johansen (1988 Johansen ( , 1991 and by Johansen and Juselius (1990) . They proposed a maximum likelihood estimation procedure, which allows researchers to estimate simultaneously the system involving two or more variables.
To test the hypothesis of no co-integrating relations (r = 0) against the general alternative of r > 0 the trace test statistic has a calculated value of 30.044. The 10% critical value is 28.4 and so the null is rejected. To test the null that r = 0 against the alternative that r = 1, the maximum eigenvalue test statistic is reported as 22.506; again this is more than the 10% critical value of 19.0. The general conclusion is that there is evidence to support the co-integrating relation in the data series. These findings are similar to that of the Thomas Paul (1984) study.
Granger causality
The fact that the two series are co-integrated doesn't mean that one causes the other. To test whether NSTIR causes expected inflation needs to be checked. We deploy the test of Granger causality to check this. We perform two tests. In test 1 our null hypothesis is that NSTIR doesn't Granger cause expected inflation. For test 2 our null hypothesis is that expected inflation doesn't Granger cause NSTIR. We include the relevant error correction term. The results are as shown in Table 5 .
In summary, Granger causality test results show that short-term nominal interest rates help in predicting future inflation.
Conclusion
This study examined the relevance of the Fisher effect in the context of an emerging economy like India. Data required for the study was available from the Handbook on Statistics of the Reserve Bank of India. The period covered was from April 1996 to August 2004 (100 months observations). The ADF unit root test showed that the series of expected inflation and nominal short-term interest rates are not stationary at levels but are both I (1) processes. Thereafter the co-integration test (Engle-Granger method) was used which showed that the series are co-integrated. This finding was confirmed by the Johansen-Juselius method. Finally we used the Granger causality test with error correction model to determine the direction of the relationship. The results showed that short-term nominal interest rates do help in predicting future inflation in the Indian context. 
